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One of the most rewarding patients in sur-
gical practice is the completely treated am-
putee. From the fearful, despondent and 
apparently inconsolable patient there can 
gradually emerge an individual proud of his 
achievement and often surpassing his former 
ability. While good surgery is a normal pre-
requisite, the final result is not so much 
dependent upon surgical procedures as on the 
treatment by paramedical personnel. In my 
own experience, the necessity to refer a patient 
for revisionary surgery is extremely rare, des-
pite my seeing many ex-soldiers who have 
what would be called very poor stumps as 
the result of emergency surgery performed 
under the worst conditions of warfare. It is 
the part played by the paramedical personnel 
which I propose to discuss, and the discussion 
will be further confined to lower extremity 
prostheses. 
PROSTHETIC REQUIREMENTS 
Without some knowledge of the require-
ments and mechanics of the artificial limb, 
sound training is impossible. Apart from the 
necessity for simplicity, economy, lightness, 
ease of maintenance and repair, and cosmetic 
acceptability the limb maker must consider 
the amputee's requirements and satisfy these, 
to ensure that the limb is acceptable to the 
patient. 
The basic requirements are that the pros-
thesis must satisfy the amputee in that no 
noxious stimuli reach consciousness, and that 
there is a minimum of conscious effort when 
performing normal activities. 
Specific Functional Requirements 
Let us now consider the specific functional 
requirements of the lower extremity pros-
thesis in the order of priority. ^ 
1. Security from Fall 
(a) In Stance. 
It is obvious that the amputee is primarily 
concerned with being supported. However, 
it is equally obvious that the knee joint, 
which is responsible for this support, need 
be stable only when required to support 
the amputee's weight. As will be discussed 
later, "complete" freedom of this joint is 
necessary to allow swing and/or change in 
direction of the shank (foreleg) during its 
"swing phase", that is, when swinging through 
while the good leg is weight bearing. 
FIGURE 1 
Stability when bearing weight is easy 
to obtain by placing the axis of the knee 
joint slightly behind the weight bearing line. 
The artificial leg is then slightly hyper-
extended and prevented from collapsing by 
the "back check". In this situation it is be-
having like a normal knee during relaxed 
standing (Figure 1). The "back check" is 
acting in a manner similar to the muscles 
and ligaments about the normal knee. It 
must be made clear that any hyperextension at 
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the knee joint does not mean hyperextension 
of the stump. The necessity for flexion of 
the above knee stump will be dealt with later. 
The amount of stability will depend on 
how far behind the weight line the axis is 
positioned. When the amputee, by flexion of 
his thigh, causes this axis to pass anterior 
to the weight line the knee is unstable and 
can collapse. The axis of the artificial knee 
should be either on the line of support, when 
it can be prevented from passing anterior 
to the weight line by extension of the stump, 
or about J" (0.6 cm,) behind, when no mus-
cular activity is required by the patient. The 
exact position depends upon length of stump, 
age and co-ordination. In elderly patients 
with slow reflexes and poor co-ordination it 
may be placed as much as -J" (1.2 cm.) be-
hind. However, the further it is positioned 
behind the line of support, the greater the 
amount of effort required to bring the axis 
anterior, by flexion of the stump. As elderly 
patients have a very poor energy reserve care-
ful positioning is essential. There are many 
other methods of making the artificial knee 
stable on weight bearing but most cause 
major difficulties when attempting to satisfy 
other requirements. 
(b) During the first 30° of Flexion. 
It would be of great advantage if the knee 
joint could be made stable during the first 30° 
of flexion but this is difficult to achieve with-
out sacrificing other essential requirements. 
One polycentric system, the U.C.B. 4 Bar,*2) 
provides this while still complying with all 
principles, but it has problems of weight and 
cosmetic appearance and is not, in my 
opinion, simple and economical at the present 
time. 
(c) Fall Recovery. 
In maintaining his security the patient 
must be able to recover from falling. There 
are two ways to approach this: firstly, by 
an involuntary yielding brake or a volun-
tary positive action brake if these were 
feasible (both have been beyond the cap-
abilities of the engineers to date) or secondly, 
by control of the joint by the stump. 
As the latter must be relied upon the 
artificial knee joint must be free to extend 
at all times even when under load. In con-
sequence, any friction locking system, that is 
a system that locks on weight bearing, is at 
least in theory, contrary to accepted prin-
ciples. 
In summing up the patient's requirement 
of stability it may be said that the position-
ing of the knee axis at or slightly behind the 
weight bearing line, called "alignment 
stability" is the simplest, the most economical, 
the lightest, the most easily maintained and 
repaired and the most cosmetically desirable 
method which will satisfy most requirements. 
2. Minimum Energy Consumption in Normal 
Walking 
This requirement, the next in priority, is 
closely related to all others and is, of course, 
very important when one considers that the 
average amputee takes about a million steps 
a year. 
(a) Maintaining normal hip elevation on 
the amputated side. 
Unless the amputee can progress smoothly, 
that is, without stop and start, or without 
bobbing up and down, then he must con-
sume energy. Newton's first law of motion 
states that "a body will continue . . . in a 
state of uniform motion in a straight line 
unless it is compelled by force to change . . . " 
Consider the amputee whose femur is not 
stabilized in the socket (the fitting is such 
that the femur has not close contact all along 
the lateral wall). If the femur can move 
laterally or withdraw from the socket then 
the pelvis will tilt to the normal side as the 
patient bears weight on his prosthesis. If 
the hip has fallen on the normal side then 
it must be raised again, and this consumes 
energy. If the below knee stump can with-
draw from the socket, then the patient must 
elevate his hip on the amputated side to 
clear the ground as he swings through, again 
consuming unnecessary and often unavailable 
energy. 
The position of the base of support (the 
foot) in relationship to the weight line is 
also concerned with a smooth energy con-
serving gait. If the prosthesis is aligned 
during manufacture, with the feet wide apart, 
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say 6" (15 cm.), the amputee must shift his 
body weight over a distance of six inches 
from side to side with each alternate step. 
This is necessary to position his centre of 
gravity over the alternating (artificial and 
normal foot) bases of support. It is ob-
vious that he will fall if his centre of 
gravity gets outside the base of support. 
With widely placed feet he will "roll" like 
the sailor who has unconsciously learned to 
keep his feet wide apart to maintain a wide 
base of support on the unstable deck. If the 
prosthesis is aligned with the feet \\" (4 
cm.) apart, then the shift is minimal. It 
must be stressed that medial positioning of 
the foot does not in any way suggest affecting 
the position of the stump. Nature has 
aligned the normal bases of support (our 
feet) close together to maintain a smooth 
passage of the centre of gravity, which is 
difficult with a bipedal gait. Her efforts to 
conserve energy in normal walking by main-
taining a relatively stable centre of gravity 
are quite remarkable.(3) A medially placed 
artificial foot also puts the gluteus medius at 
a mechanical advantage ( 4 ' 5 ) and assists this 
muscle in holding the pelvis horizontal when 
weight bearing. 
One other component — the artificial foot 
— is concerned with pelvic elevation. As the 
SACH (Solid Ankle Cushioned Heel) foot 
has been scientifically designed, it is now 
almost universally used. The artificial foot 
is an extremely simple mechanism once its 
principles are grasped. 
There are several things it is required 
to do: 
(i) Dorsiflex a little (2° to 10°). 
(ii) Allow some transverse rotation (up 
to 15°). 
(iii) Allow some lateral motion (10°). 
(iv) Plantarflex (10° to 20°). 
(v) Dorsiflex the foot about 3° as the 
leg swings through allowing toe 
clearance. 
(vi) "Push off" at the end of a step.(6> 
In the interests of simplicity and economy, 
(v) and (vi) can be ignored. Requirements 
( i ) , (ii) and (iii) are adequately accounted 
for by compression of the rubber bulk and 
slippage in the shoe — not ideally perhaps, 
but the degrees of movement are small and 
simplicity is the keynote. 
This leaves plantar flexion as the only 
action for consideration. In the artificial foot 
and in the SACH foot it is a simulated 
plantar flexion — compression of the heel 
allows the forefoot to contact the ground. 
The design is simple. It is merely a solid 
piece of wood (keel) attached to the foreleg 
and surrounded by rubber. The sole comes 
down to the floor (simulating plantar flexion) 
as the soft rubber heel compresses. It can 
be appreciated that provided the soft rubber 
in the heel compresses sufficiently on weight 
bearing to place the forefoot on the ground, 
the knee will be stable until its axis passes 
over the "toe". 
A short toe and a long heel means poor 
stability, while a short heel and long toe 
means great stability, because of the long 
lever arm and because the knee axis has to 
travel a long distance to pass the base of 
support, 
If the toe is too long the amputee will 
have to "ride up" over it in order to flex 
his knee. If the greater trochanter on the 
amputated side rises more than f" (1.6 cm.), 
then the "toe" is too long. 
The SACH foot is made in shoe sizes, and 
provided it is placed on the shank with its 
upper surface horizontal it is most unlikely 
that any alteration will be necessary if the 
heel is soft enough to give simulated plantar 
flexion and not so soft as to cause the patient 
to have a sensation of falling backward. 
The below knee prosthesis (and particu-
larly the Patellar Tendon Bearing Prosthesis) 
requires more careful appraisal as the foot 
levers are the instigators and the complete 
controllers of the walking pattern. If it is 
borne in mind that the heel lever flexes the 
knee, and the toe lever extends it, and that 
the force with which this flexion or extension 
occurs is dependent on the respective lengths 
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of these levers, then the whole action of the 
foot is revealed. However, it must be re-
membered that it is the effective levers that 
count (Figure 2 ) . 
(b) Mechanisms and components must not 
cause excessive energy consumption. 
This requirement should always be kept in 
mind when new components appear. 
To recapitulate, in conserving energy, hip 
elevation must be maintained. To achieve 
this, the femur must be stabilized in the 
bucket, the below knee stump must be free 
from pumping action, the feet must be close 
together and the foot must have adequate 
heel compression with lever lengths suitable 
for the particular patient. It has been stated 
that while the amputee's first need is security 
from fall, the next priority is minimum 
energy consumption, and maintaining a 
smooth passage of his centre of gravity is 
necessary to achieve this. This is difficult to 
equate with the use of a pylon, pegleg or 
crutches when treating amputees, particularly 
when they are elderly. <7'8) 
3. Walking Pattern Comparing Favow ably 
with the Normal. 
This is closely associated with the con-
servation of energy in walking. 
(a) There should be a smooth swing 
phase with deceleration at each end (pro-
vided in the normal knee by the hamstrings 
and quadriceps). This prevents "slapping" 
into extension and the heel from rising up 
from the floor behind the amputee. If the 
heel rises, the amputee must wait for it to 
fall before he can bring the knee into exten-
sion by flexing his stump. This causes a 
"stop and go" gait. It can be overcome by 
: tightening the screws which apply friction to 
the bolt through the knee, or by the addition 
of simple cam brakes which decelerate at 
1 each end of the swing only. 
(b) There should also be a smooth stance 
) phase without the knee snapping into ex-
5 tension as the patient bears weight on it; this 
5 can happen with many polycentric systems. 
5 There should be no resistance to flexion in 
3 the transition from stance to swing, as will 
3 occur with friction locking systems, with a 
3 knee axis too far behind the weight line, or 
with too long a toe lever. 
r 
i 4. The knee must be able to extend under 
i load as we have discussed. 
s 5. Any locks must be phased so that they un-
^ lock when required. 
6. The prosthesis must permit the amputee 
to perform incidental activities such as 
sitting, pivoting and climbing stairs. 
 
ACCOMMODATION OF DEFORMITIES 
Irrespective of the position of the artificial 
foot, or "hyperextension" of the artificial 
knee, all deformities must be accommodated. 
,. 1. Muscles act most efficiently when slightly 
 stretched.^ 
As muscles work best when slightly 
 stretched, attempting to "force out" a de-
formity in the fitting of a prosthesis will 
FLEXION OF THE FORELEG 
OR DORSIFLEXION OF 
THE FOOT 
EXTENSION OF THE FORELEG 
OR PLANTAR FLEXION 
OF THE FOOT 
\ LONG HEEL LEVER 
TENDING TO FLEX 
THE KNEE 
A LONG TOE LEVER 
TENDING TO EXTEND 
THE KNEE 
FIGURE 2 
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lengthen the muscle producing the deformity 
and place it at a better mechanical advantage. 
In above knee amputation, for example, ex-
tensors are invariably divided, while the 
powerful flexor (ileopsoas) remains intact. 
Attempts to "stretch out" the resultant flexion 
deformity will assist the ileopsoas and by 
relaxing the divided and inadequate ex-
tensors will aggravate the problem. 
FIGURE 3 
Figure 3 shows how deformities must be 
accommodated in the prosthesis. If, for 
example, abduction deformity is not allowed 
for, it is obvious that mechanical difficulties 
also arise, as unless artificial joints are hori-
zontal and at right angles to the line of pro-
gression, the action of the prosthesis is quite 
grotesque. 
FIGURE 4 
2. Virtually no extension occurs at the hip 
With each step, the rear foreleg makes an 
angle of 15° with the vertical, but this is 
mainly achieved by flexion at the knee and 
not by extension of the hip (Figure 4 ) . In 
fact it is a little more complicated than this 
in that the hip extends about 5°, and the 
pelvis rotates about 3°, so that the foreleg 
by flexion at the knee makes an angle of 7° 
with the vertical. As a sum total the "foot" 
is "left behind" at an angle of 15°. However, 
the above knee amputee cannot flex his arti-
ficial knee in this situation and therefore can 
leave his foot behind only by assuming a 
lordotic position (Figure 5 ) . If he can ex-
tend his femur 5°, then he will need to rotate 
his pelvis 10° in order to leave the foot 15° 
FIGURE 5 
behind him. It is well known that practically 
no amputee can extend his hip 5°, while in 
fact, the majority have Isome flexion de-
formity. Imagine the amputee with only 5° 
of flexion deformity. In order to leave his 
rear foot behind him 15° he will need to 
rotate his pelvis (go into lordosis) 20°. If 
he should have 10° of flexion deformity, and 
this is not unusual, then 25° of lordosis is 
necessary with each step. This serious situa-
tion is overcome by flexing the stump in 
the prosthesis. If we allow him 10° rotation 
of his pelvis (and this is permissible) then 
all he is required to do is obtain another 5° 
by "unwinding" this amount of flexion in 
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the socket. If his stump will extend to the 
vertical then 5° flexion is placed in the socket. 
As he leaves his artificial leg behind, the 
stump will reach the vertical position after 
5° of "extension". He now rotates his pelvis 
the remaining (and permissible) 10°. His 
foot is 15° behind him (Figure 6 ) . The rule 
therefore, is to add 5° more flexion to the 
socket than the existing fixed flexion deformity 
possessed by the amputee. 
1. Above Knee. 
The quadrilateral inlet is the most com-
monly used form and its design follows a 
relatively rigid pattern (Figure 7 ) . 
(a) The medio-lateral dimension is one-
third of the stump circumference, but 
never greater than 7" (18 cm.). 
(b) The posterior lip forms an angle of 
approximately 98° with the medial lip. 
FIGURE 6 
FITTING (c) 
Fitting is an art, and the techniques require 
considerable judgment, skill and experience. 
Although plaster casting is used to manu-
facture some sockets, modification is in-
variably necessary and it is the skill of the 
fitter which decides the final comfort. Like all 
artists, the best fitters are born and not made. 
However, there are some essentials that we 
can learn. 
Scarpa's triangle area occupies one-
third of the medio-lateral dimension 
and the antero-posterior dimension is 
i " (1.3 cm.) less than the measured 
distance from the ischial tuberosity to 
the adductor tendon. 
(d) While the medial corners have a radius 
of approximately •£" (0.3 cm.), the 
lateral corners and the channel for the 
DISTANCE ISCHIAL TUBER 
TO ADDUCTOR TENDON 
LESS -5-* 
FIGURE 7 
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rectus femoris are decided by the limb 
fitter. 
(e) The anterior wall should be as high as 
possible, and is too high only if it 
strikes the anterior superior spine on 
sitting. [Usually about 2^" (6.5 cm.) 
high.] 
(f) The combination of u c " and "e" en-
sures that the patient's ischial tuber-
osity is supported \" (1.3 cm.) back 
on the posterior lip. 
(g) The inlet should be rather tight; there 
should be adequate room in the mid 
third for muscle expansion, while the 
lower end must be well supported. 
2. Below Knee, 
There seems little doubt that the Patellar 
Tendon Bearing, Cuff Suspension Prosthesis 
will eventually replace the conventional below 
knee artificial limb. However, the fitting and 
biomechanics are too complex for this dis-
cussion. 
If using a conventional below knee limb 
I prefer it to be made of wood and fitted by 
an experienced fitter. 
Briefly the following points should receive 
attention: 
(a) The inlet is essentially triangular in 
shape. 
(b) The normal "abducted" position of 
the stump is well accommodated. 
fc) There is adequate room for the ham-
strings particularly on the medial side. 
(d) Adequate support should exist at the 
brim with the socket seated right up 
to the patellar tendon, with a high back 
wall as counter pressure. 
(e) No pressure should be applied over 
the head of the fibula — actually this 
relief is to avoid pressure on the 
peroneal nerve during the inevitable 
pumping action which occurs with the 
best conventional fitting. 
(f) Adequate support by the thigh lacer, 
with the joint axes horizontal during 
walking, and positioned (the axes high 
and posterior) to prevent withdrawal 
of the stump on sitting. 
SUMMARY 
We should always examine a prosthesis 
with the requirements foremost in our minds 
in ensuring that 
1. No noxious stimuli reach consciousness. 
2. There is minimal conscious effect when 
performing normal activities. 
The opinions expressed are my own and not 
necessarily those of the Repatriation Commission. 
I wish to thank the Chairman of the Repatriation 
Commission for his permission to publish this paper. 
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